Novel alginate-gelatin hybrid nanoparticles were fabricated using single oil in water (O/W) emulsification techniques. Physicochemical property of the particle was characterized using scanning electron microscopy and Fourier's transmission infrared spectroscopy. Particle size was determined using zeta potential metastasize analyzer and was found to be in range of 400-600 nm. AGNPs were used for culturing human keratinocytes for two weeks to check biocompatibility of synthesized AGNPs. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay showed increased metabolic activity of cells cultured on AGNPs in comparison to two-dimensional (2D) system (control). Cellular attachment on nanoparticle was further confirmed using SEM and 4 ,6-diamidino-2-phenylindole staining. The drug release profile shows possible electrostatic bond between alginate and gelatin resulting in controlled release of drug from AGNPs. For the first time alginate-gelatin hybrid nanosystem has been fabricated and all results showed it can be used as potential system for delivery of drug and therapeutical agents to cells and can also be used for regenerative medicine applications.
Introduction
Nanosystem has potential power to enhance drug stability and with longer circulation time targeted delivery of therapeutical agent could be achieved [1] [2] [3] . One of the most important parameters in designing nanoparticle for in vitro and in vivo application is biocompatibility of this system [4] . Biocompatible nanosystem can be achieved by modulating different parameters such as fabrication techniques, polymers used for its synthesis, and types of cross-linking agents; however, among these, polymers play the most significant role as they not only enter framework that carries drug but also interact with biological fluid and cells in the in vivo system [5] [6] [7] [8] . Using natural polymers such as alginate, chitosan, and gelatin has evoked great interest in the field of nanotechnology as these polymers exhibit all the above-mentioned properties and in addition they are also easily biodegradable [9] [10] [11] [12] [13] .
In case of regenerative medicine, it combines the principles of drug delivery and tissue engineering by utilizing material and life science technology for generating tissue or organs with better biological activity and also uses these principles for fabricating a system for delivering bioactive and therapeutical compounds [14] . Alginate has been extensively used in this area as it naturally gives polysaccharide with anionic and hydrophobic characteristics. As an ideal polymer for scaffolding and as nanocarrier, it not only is biocompatible with appropriate microarchitecture but also provides appropriate mechanical strength and has good rate of degradation and ability to support residing cells for various biological functionality making alginate as most sort after polymer in biomedical application [15] [16] [17] [18] [19] [20] . Furthermore, alginate chelating ability with divalent cations makes it simpler and easier to fabricate hydrogel or nanoparticle using alginate. Besides these advantageous characteristics alginate is also known to have pH dependent anionic nature and interacts well with proteoglycans and polyelectrolyte [19] . Due to its several advantages alginate has been broadly used for cell encapsulation, DNA, proteins, vaccines, and drug delivery especially for oral delivery of insulin [20] .
Similarly, gelatin is most versatile naturally occurring polymer widely used in regenerative medicine and pharmaceutical company. Gelatin is known for its exceptional properties such as being biocompatible and biodegradable with potential of different chemical modification obtained by partial hydrolysis of collagen [21] [22] [23] . It is the polyampholyte with both anionic and cationic along with hydrophobic group found in approximate ratio of 1 : 1 : 1 that makes this polypeptide special. Gelatin polymer chain is ∼12% negatively charged due to presence of glutamic and aspartic acid, ∼13% positively charged due to presence of arginine and lysine, and ∼11% of its chain hydrophobic ascribed to presence of isoleucine, methionine, leucine, and valine whereas proline, glycine, and hydroxyproline constitute the rest of the polymer chain [24, 25] . Gelatin based nanoparticles have been fabricated using different techniques such as desolation which uses an agent (acetone or alcohol) for dissolving gelatin in aqueous solution; this is done for dehydrating polymer chain that results in conformational change (stretched to coil) [26] . Another simple method of fabricating gelatin nanoparticle (NP) is reverse phase microemulsion, in which aqueous solution of gelatin is further mixed in surfactant containing solution (SDS or SBES in n-hexane) followed by cross-linking [27] . No matter which technique is used for fabrication, gelatin nanoparticle (GNP) has been extensively utilized for delivery of both hydrophobic and hydrophilic anticancer drugs, proteins, vaccine, and gene delivery [26, 27] .
Even though both of these polymers have been found to have potential uses in regenerative medicine and are known for their advantageous characteristics, this is the first time alginate-gelatin nanoparticle (AGNP) is reported. In this study, we have synthesized alginate-gelatin nanoparticles as scaffold and drug delivery system. To further demonstrate their potential application in regenerative medicine, we have cultured human keratinocytes and checked for the biocompatibility and suitability of the nanosystem for cellular growth.
Materials and Methods

Chemicals Used for Experiments.
Alginate (sodium salt), gelatin (from porcine skin, MW ∼60,000), glutaraldehyde (25% v/v), phosphate buffer saline (PBS), Dulbecco's modified Eagle's medium (DMEM), penicillin, streptomycin, dimethyl sulphoxide (DMSO), fetal bovine serum (FBS), (4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) were all purchased from Sigma Chemical Co., (St. Louis, MO, USA). Live/Dead staining kit was obtained from Life Technology-Invitrogen, USA. Human keratinocytes were purchased from Korean Cell Line Bank, Seoul, Republic of Korea. Grape seed oil (100% purity) was obtained from Dong Yang Science, Daegu, Republic of Korea.
Alginate-Gelatin Nanoparticle (AGNP) Fabrication.
Alginate (250 mg) and gelatin (500 mg) were prepared using oil/water emulsification techniques. Two polymers (alginategelatin) mixed thoroughly were added dropwise at 25 ∘ C in emulsification bath containing 150 mL grape seed oil (Dong Yang Science) and stirred speed was set at 650 rpm. Particles were allowed to form complexation for 30 min followed by recovering the particles by using cooled acetone (60 mL) for obtaining solid particles. Resultant particles were crosslinked for 4 h using 1% glutaraldehyde and later filtered and washed using double distilled water for several times to remove any traces of un-cross-linked aldehyde. Alginategelatin nanoparticle (AGNP) samples were stored in dry conditions for further analysis.
Nanoparticle Characterization
Size and Morphology.
Morphology such as shape and occurrence of aggregation of AGNPs was studied using scanning electron microscopy (FEI Quanta 200) and bright field and confocal microscopy (Nikon fluorescent microscopy). For SEM imaging samples were vacuum-dried and platinumcoated using sputter coater. SEM was set up at high vacuum at 15 kV with sample spot size fixed on 4.5 mm for imaging the particles. Nanoparticle size was assessed by Zetasizer and scattering particle size analyzer machine (Malvern Instrument, UK). Collected 8 random samples were studied by dispersing nanoparticles in oil at 25 ∘ C with detection angle set at 90 ∘ C.
Interaction of Polymers: Fourier's Transmission Infrared
Spectroscopy. Distribution of polymers in nanosystem and chemical bonding between alginate and gelatin were checked by Fourier's transmission infrared spectroscopy (FTIR) (PerkinElmer Spectrum 100, USA) which was used for obtaining infrared spectrum of AGNPs.
Drug Release Profile Studies of Microparticle.
AGNPs were checked for drug release profile by recording the absorbance spectrum of doxorubicin (DOX) released from the nanosystem at 490 nm using UV (UV-2600, SHIMADZU) spectrophotometer [2] . DOX mixed in phosphate buffer saline (PBS, pH 7.4) was loaded on the AGNPs and incubated at 37 ∘ C with continuous stirring. PBS was also used as release media and 0.5 mL of PBS was taken out and absorbance was read using spectrophotometer at regular intervals for one week. All experiments were set up in quadruplets for concurrent readings and drug release rate is expressed in micromoles/mL for given time period calculated using standard curve plotted using different DOX concentration.
Biocompatibility Testing of AGNPs
In Vitro
Cell Proliferation. AGNPs were tested for its biocompatible nature and ability to support cellular growth. Human keratinocytes cells with seeding density of 1 × 10 5 cells/ mL were cultured on ethanol sterilized AGNPs. Cells were briefly allowed to interact and settle onto nanoparticles before complete Dulbecco's modified Eagle's medium (DMEM) (with 10% fetal bovine serum, 1% penicillin/streptomycin) was added into each well and incubated at ideal cell culture conditions. Experiment was set up for two weeks and medium was regularly replaced with fresh medium and cell cultured on plates as 2D system was set as control with the same culture conditions as the experiment set.
Total Metabolic Activity of Cells.
Metabolic activity of cells cultured as experiment and control was tested using standard 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay at every two-day interval. Briefly, medium is discarded from control and test samples followed by gentle washing of the wells with PBS (0.01 M, pH 7.4). MTT is widely regarded as an indirect technique for checking cellular growth and proliferation as mitochondrial enzyme found in metabolically active cells catalyzes MTT oxidation, which gives purple or dark violet color product which is dissolved in dimethyl sulphoxide (DMSO). Working solution of MTT (5 mg/1 mL) was added to wells and incubated. After 3 h of incubation, MTT solution is discarded and DMSO was at a ratio 1 : 3 to every test well. Addition of DMSO results in dissolution of intracellular formazan crystals formed by MTT oxidization that develops into blue-violet color end product which is measured at 490 nm using UV-spectrophotometer (Shimdzu UV-2600) [24] .
Imaging of Cells Proliferation on AGNPs.
Cell seeded AGNPs were fixed by 2.5% glutaraldehyde for scanning electron microscopy analysis. 4 ,6-Diamidino-2-phenylindole (DAPI) was directly added to AGNPs and 2D systems for fluorescent microscopic testing both of these microscopic techniques enable us to check for cellular attachment and growth and proliferation of cells to ANGPs.
Statistical Analysis.
One-way variance test was performed using Sigma Stat for testing the significant difference between test and control. Significant difference was considered only when < 0.03. Experimental data are expressed as the means ± SD and the in vitro and in vivo experiments were performed in set of three to obtain independent values.
Results and Discussion
Particle Size and Morphology.
In the last few years many studies have been conducted on polysaccharide based 3D system for its potential use in drug delivery and tissue engineering [2, 23, 27] , however, with special efforts of fabricating nanosystem for delivering of anticancer agent to tumor site. Alginate is well-known biopolymer and polyelectrolyte regarded as being nonimmunogenic, nontoxic, and degradable. Similarly, gelatin has been exhaustively used for fabrication of nanosystems and scaffold due to its good solubility in water and the cell attracting moiety found along the polymer chain. Furthermore, gelatin presents the possibility of direct interaction with drug based on specific forces which can be achieved without chemically modifying gelatin [16, 17] . Despite the fact that both of these biopolymers have excellent properties, the combination of gelatin and alginate nanoparticle has not been so far reported. AGNPs were prepared using standard single oil/water emulsification technique and cross-linked using glutaraldehyde after synthesis to stabilize the system. Different concentration of polymer was used for optimization; however, best polymer combination was of alginate with gelatin found to be of 1 : 2 (w/w) ratios, respectively. Depending upon the polymer concentration, cross-linking percentage, stirring speed, and temperature, optimized size and shape of nanosystem could be achieved. It was found that higher complexation time resulted in unstable and extremely porous nanoparticle and lesser than 30 mins resulted in aggregated and nonhomogenous particle formation. Hence, it was found that each step was playing impetus role in the formation of homogenous nanosystem with higher reproducibility. SEM, fluorescent imaging (Figures 1(a)-1(d) ), and zeta size analysis showed the average size of the nanosystem was in range of 400-600 nm (Figure 2 ) in which the smallest particle was found to be 100 nm and the largest was 800 nm; however, on an average it was 450 ± (0.27) nm. No particle aggregation was observed during either cross-linking or drying when synthesized under constant stirring. to be nonzero length cross-linker that induces bi-or polyfunctional cross-linking protein network structure by bridging free amino groups; hence, the amide II peek was not detected on FT-IR spectrum which would be seen in noncross-linked gelatin indicating involvement of its functional group with cross-linking of alginate.
FT-IR Analysis for Chemical
Drug Release Profile of AGNPs.
DOX is known potent drug with anticancer activity and has been extensively used for testing release properties of nano-and hydrogel materials intended to be used for therapeutical applications. For effective release of drug from nanosystem, the release medium needs to diffuse into the nanoparticle and dissolve loaded drug which is later released into surroundings, and both gelatin and alginate polymers are known for their hydrophilic property and hence movement of medium into particle and outside becomes easier. The drug release from AGNPs was examined by quantifying drug uptake and release in the media over period of incubation. Quantification of drug release from AGNPs system was obtained by plotting standard curve using different concentration of DOX ( Figure 4 ). Standard graph helps in obtaining correlation equation which was further used for quantifying the concentration of drug released from AGNPs. From the 1st day DOX release was seen as steady and spectrophotometric study showed controlled and constant release of DOX over the period of 1 week. Drug uptake capacity was also quantified by allowing DOX absorbed. There have been different systems designed for attaining controlled drug release which includes stimuli-responsive gels, hydrogel sheets, and different nanosystem; however, the biggest concern regarding these systems is its degradation properties. Using two natural polymers which are known to be biocompatible and biodegradable could help in overcoming the bottleneck faced during different therapeutical applications.
MTT Assay.
Alginate and gelatin are both known biocompatible polymers; however, it is said that material that is compatible at macroscale can be toxic at nanoscale; hence, we investigated the effect of AGNPs on human keratinocytes. MTT assay was carried out to examine the biocompatible activity of AGNPs. Over the period of 2 weeks cell culture experiment showed initial higher cellular proliferation on 2D system (day 1); however, as days extended (day 5) cells cultured on AGNPs showed higher proliferation of human keratinocytes in comparison to control (2D). From the 7th day decrease in the metabolic activity of cells cultured in 2D is seen ( Figure 5 ), whereas cells on AGNPs showed constant increasing trend till the end of the experiment. Even at different concentration of nanoparticles it was not found to have any cytotoxic effect of cells. Since the cells used were keratinocyte with doubling time of 48 hrs and given that the space in 2D system is limited, the cells were found to be confluent and peel off from culture plate surface leading to lesser number of metabolically active cells. Cells in AGNPs show the maximum activity on the 9th day and are seen to maintain it till the 11th day; however, since the media was not changed throughout the experiment, it could have led to depletion in nutrients that in turn results in sharp decline in metabolic activity cells in both test and controls samples.
SEM and Imaging Analysis.
To further confirm the results of MTT scanning electron microscopy was performed on AGNPs. SEM samples were examined on the same days as MTT ( Figure 6 ) showed good cell attachment (day 1-A), proliferation (days 3 and 5-B and -C), and ECM production (day 7-D) on nanosystem. Cells were found attached on surface and inside the pore of the particles with high level of ECM production on AGNPs particles. Nuclei staining performed using DAPI ( Figure 7) shows results similar to SEM with higher number of cells found at each interval of testing. In case of tissue engineering application nanosystem is used for achieving delivery of bioactive components and with precise architecture that facilitates cellular attachment, proliferation and tracking of cells in 3D construct could be extremely beneficial. Some requisites property for tissue engineered scaffold are sufficient pore size and homogenous distribution that can over period of time allow neo-vascularization formation; in addition, this should be able to attract cell for adhesion, proliferation, and matrix disposition. As particle for drug delivery and as matrix for tissue engineering, AGNPs are found to be potential candidate with ideal architecture to achieve sustained drug delivery, and matrix was also found to attract cellular adhesion and provide support for proliferation.
Conclusion
Alginate-gelatin nanoparticles can be the simplest delivery vehicle for any therapeutical agent since the drug release profile clearly shows controlled and steady release for over 2-week time. Along with controlled release the AGNPs were found to be highly biocompatible as the keratinocytes proliferation profile indicates that along with supporting cellular attachments AGNPs were found to support ECM production and cells were able to proliferate longer period of time. AGNPs can be potential system for both tissue engineering and regenerative medicine field.
